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Diffraction Limited Storage Ring - Opportunity  
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             εr(λ) = σr(λ)σr’(λ) ≈ λ/2π	


Example:	  	  8	  keV	  	  =	  	  1.5Å	  	  →  εr=	  	  24	  pm-‐rad	  	  	  
Present	  APS:	   	  εx	  ≈	  3100	  pm-‐rad	  	  

	
 	
εy	  ≈	  40	  pm-‐rad	  	  

APS	  now	   APS-‐U	  

2-‐3	  orders	  of	  magnitude	  increase	  in	  brightness,	  coherent	  flux,	  nanofocused	  flux	  
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Worldwide march to DLSR technologies 

ESRF (France) 6 GeV, 844m, 150 pm-rad – 2nd phase of 
upgrade incorporates MBA lattice; plans to resume operation 
in 2020, complete 4 state-of-the-art beamlines by 2022	  

SIRIUS (Brazil) 3 GeV, 518 m, 280 pm-rad – Completing final design; 
operational in 2018 

MAX-IV (Sweden) 3 GeV, 528 m, 250 pm-rad – Constructing; inauguration June 2016 

SPRING-8 (Japan) 6 GeV, 1436m – Capable of 
upgrading in 2020 timeframe	  

HEPS (China) – Greenfield accelerator 
facility to be built near Beijing; planned 
completion in early 2020s  

APS-U – 6 GeV, 
1104 m, 60 pm-
rad. Resume ops  
in 2022 

Adapted	  from	  July	  2015	  BESAC	  presentaUon	  
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“Higher	  brightness	  of	  the	  source	  will	  be	  advantageous	  for	  almost	  any	  experiment.”	  

“Breakthroughs	  can	  be	  expected	  in	  high-‐resoluUon	  imaging,	  microscopy	  
and	  spectroscopy.	  These	  techniques	  are	  relevant	  for	  many	  fields	  of	  
science;	  for	  example,	  for	  the	  fundamental	  understanding	  of	  the	  properUes	  
of	  correlated	  electron	  materials,	  the	  development	  and	  characterizaUon	  of	  
materials	  for	  data	  and	  energy	  storage,	  environmental	  applicaUons	  and	  bio-‐
medicine.”	  



nm, ns                     µm, µs                       mm, ms  

Workshops on Early Experiments with the 
 Upgraded APS: May 18 - June 23, 2015 
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Set of six workshops covering the broad science community 
  Chemistry and Catalysis 
  Soft Matter 
  Condensed Matter Physics 

Common themes 
  Imaging heterogeneity: Coherence to turn any technique into microscopy 
  Probing across length and time scales: Brightness and penetrating x-ray 

energy to probe in situ, operando, including rare events 
  Exploring non-equilibrium structures/processes, non-stationary phenomena 
  Unraveling transport in complex systems; synthesis in action 

Common challenges: Radiation damage, microfluidic sample 
environments, stability, detectors, data sciences 

  Advanced Materials / Mesoscale 
Engineering 

  Environmental and Geo Sciences 
  Biological and Life Science	  
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APS Upgrade Science Planning Workshops  

Workshop series on Early Experiments 
with the Upgraded APS 2015: 
  May 18-19: Chemistry and Catalysis - A. 

Wilkinson (Ga. Tech), David Tiede (ANL), 
Karena Chapman (ANL) 

  May 19-20: Soft Matter - Bob Leheny (Johns 
Hopkins), Alec Sandy (ANL) 

  May 20-21: Condensed Matter Physics - Oleg 
Shpyrko (UCSD), John Freeland (ANL) 

  May 21-22: Advanced Materials  / Mesoscale 
Engineering - Bob Suter (CMU), Dillon Fong 
(ANL), Peter Chupas (ANL) 

  June 1-2: Environmental Science and Geo 
Science - John Parise (SBU), A. Lanzirotti 
(UC) 

  June 22-23: Biology and Life Sciences - 
Gayle Woloschak (NW), Bob Fischetti (ANL) 

Stuart	  Henderson	  |	  APS	  Upgrade	  Forum	   6	  July	  9,	  2015	  



APS-U Science Case Planning Coordinators 
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Paul	  Evans	   Stephen	  Streiffer	  



Emerging Opportunities in High-Energy X-ray Science:  
The Diffraction Limited Storage Ring Frontier 
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Talks	  in	  pdf	  to	  Jude	  Kitching	  –	  jkitching@aps.anl.gov	  
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Spare	  



Comparison of APS-U to other light sources 
 worldwide in early 2020s 

No light source now operating or under construction 
can match all of APS-U’s technical capabilities 
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APS-U: High-energy star in U.S. X-ray facility constellation 
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Brightness vs. x-ray energy at top beamlines among BES synchrotron facilities 



APS Upgrade ensures that the United States regains 
world leadership position in light sources 
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Present	  

Near	  Future	  

Curves for APS, ESRF and SP8 upgrades based on present designs, 
assuming identical undulators  



The world’s six leading storage rings in 2021 
 – without APS Upgrade 
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